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1. INTRODUCTION 

Hydropower is the largest renewable resource used to meet Indonesia's electricity needs, followed 
by geothermal, solar, wind, and biomass [1]. Hydropower is hydraulic energy that is extracted by the amount 
of water falling at the velocity to drive a turbine [2]. The categories of hydropower based on the generating 
capacity is small hydropower plants (SHP) between 2 and 10 MW, mini-hydro power (MHP) between 1 and 
2 MW, and micro hydropower (MHPP) between 5 and 1000 kW, and pico-hydro (PHPP) to 5 kW [3]. 

South OKU District is located in South Sumatera Province, geographically in the Bukit Barisan 
system with the hilly and mountainous areas. Morphological of hills and mountains, waterfalls, large and 
steep rivers are suitable locations for MHPP development. This potential has not been fully utilized, even 
though many un-electrified villages are in several remote areas [4-6]. The terrain of hills and mountains is an 
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obstacle for the State Electricity Company (PLN) in distributing electricity for that area [7]. Currently, the 
limited people in un-electrified villages not supplied by PLN use traditional turbines to meet the electricity 
needs. 

On the other hand, the need for electricity for households, small industries, education, and other 
activities is high. For example, as one of South Sumatera's largest coffee producers, South OKU District 
needs electricity to support coffee industries. The coffee industry can increase the economic sector for 
communities and also increase the regional income. The availability of electricity will significantly raise the 
economy, standard quality of life, industry, and agriculture [7-11]. Therefore, the potential of hydropower for 
electricity in South OKU is needed to be explored further. 

Morphology in South OKU District is the potential of a micro hydropower plant (MHPP) as an 
alternative power source. In rural regions, hydropower is one of the best alternatives with low cost and easy 
maintenance. It is also clean, environment-friendly, and can be used as future energy sources [11-15]. In 
practice, MHPP development is a tough activity and has many factors to be considered. Identifying a suitable 
site for MHPP development is one of the most critical planning tasks which requires multi-criteria analysis 
[9, 16]. Site suitability is important to understand existing potential locations for MHPP development and 
determine appropriate activity. The site suitability analysis method consists of a detailed investigation of the 
land cover and the site's ongoing process [17-20]. Geographical information systems (GIS) and multi-criteria 
analysis have played an essential role in a site analysis of potential renewable energy resources that consider 
environmental sustainability [21-28]. 

Prior studies have used GIS multi-criteria analysis site suitability for hydropower plants and applied 
GIS to calculate the potency of hydropower from DEM (digital elevation model) data [8, 27, 29-34]. 
However, the previous studies only concern the potency of hydropower in a region but less considered 
electricity demands. Therefore, this study aims to overview GIS multi-criteria analysis for MHPP site 
suitability based on South OKU electricity demands. This study will obtain site suitability for MHPP 
development map as an initial overview of MHPP development in South OKU. By considering electricity 
demands, the potency of hydropower in South OKU is expected to be optimally utilized. 


2. RESEARCH METHOD 
2.1. Study area 

Geographically, the South Ogan Komering Ulu District located 103° 22’-104° 21’ East longitude and 
04°14’-04°55’ South latitude, has an area of 5493.94 Km? [6]. The topography of South OKU District is 
mostly highlands of hills and mountains. The altitude ranges from 45 to 1.643 meters above sea level (masl), 
as shown in Figure 1. Two major rivers flow the Selabung river and the Saka river, which flow into the 
Komering River. Also, there are 20 rivers and other tributaries scattered throughout the South OKU District. 
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Figure 1. The boundary administration of South OKU District [6] 
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2.2. Research method 

The research method is a literature study, data collection, data processing, relevant attributes 
selection, classification and weighting attributes using analytical hierarchy process (AHP), weighted 
attributes calculation using GIS, and field study map verification, see Figure 2. A literature study examines 
theory and methods in the discussed problems. A literature study was carried out in the site suitability to 
determine the criteria and attributes that affect MHPP development. Data collection includes un-electrified 
villages data from Bappeda of South OKU District, river map from Geospatial Information Agency, 
topographic map from Geospatial Information Agency, SRTM (the shuttle radar topography mission) 30 M 
from USGS, land use from Geospatial Information Agency, and landslide vulnerability map from Regional 
Development Planning Agency of South OKU District. Data processing results in thematic maps from the 
collected data, including un-electrified villages map, main river map, elevation map, slope map, land use 
map, and landslide vulnerability map. All processed data were converted to raster format because of it is 
easier and more accurate than the vector format [35]. 

Relevant attributes were selected based on literature [4, 16, 27, 29-34, 36] and expert knowledge. 
Relevant attributes consisted of six criteria for site suitability analysis such as un-electrified villages, distance 
from main river, land use, slope, landslide vulnerability, and elevation. All selected attributes were 
represented in a map with raster format. Classification and weighting attributes use the analytical hierarchy 
process (AHP) as a multi-criteria analysis method. AHP was implemented using pairwise comparison to 
weight each attribute. In pairwise comparison, three stages in pairwise comparison are to create a matrix for 
each attribute, to set weighting, and to validate weighting for getting consistency ratio (CR) [27, 37-39]. The 
weighted attributes were added to the raster layer for each criterion, and then calculated using GIS as the 
most effective tool for analyzing decision support systems' geospatial information. 

Moreover, GIS can be used to model and calculate a set of criteria using geodatabase and spatial 
analysis to produce an output map [40-43]. The spatial analysis applied in QGIS as one of the leading open- 
source GIS software [42]. The output of this stage is site suitability for MHPP development map. Then, in the 
final stage, a field survey was carried out to verify the output map. 
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Figure 2. Research method 
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2.3. AHP (analytical hierarchy process) method 

The quantitative spatial analysis used AHP to weight attributes by considering each criterion's 
comparison. Each criterion is grouped into sub-criteria based on their weight value [44, 45]. Different scores 
are assigned to each criterion to develop a comparison matrix. These scores represent ratings of preference 
into appropriate numerical ratios for pairwise comparison. A preference scale between 1 and 9 applied to 
assess relative preference for any of the two criteria arranged into a matrix [46]. A comparison for each 
criterion using a numerical scale indicates important or dominant to another criterion. The lowest scale value 
is one which mean as equal important, and the highest scale value is nine as the extremely importance as 
shown in Table 1. Weight based on an inverse comparison matrix of the scores for each column based (1): 


Xi 


Wie (1) 
Where, 

Wi = Weight for each criterion 

Xi = Sum of scores for each criterion in the inverse matrix 

Xn = Sum of all scores obtained for each criterion 


Table 1. Pairwise comparison weighting scale 


Importance of intensity _ Description Suitability class 

1 Equal importance Lowest suitability 

2 Equal to moderate importance Very low suitability 

3 Moderate importance Low suitability 

4 Moderate to strong importance Moderate low suitability 
5 Strong importance Moderate suitability 

6 Strong to very strong importance Moderate high suitability 
1; Very strong importance High suitability 

8 Strong importance Very high suitability 

9 Extremely importance Highest suitability 


2.4. Classification and weighting criteria and sub-criteria using the AHP 

In this study, six criteria were used in the multi-criteria site suitability analysis, such as un- 
electrified villages, distance from the main river, land use, slope, landslide vulnerability, and elevation. The 
pairwise comparison method was used to classify and weight the criteria that contribute to site suitability 
analysis. A comparison of each criterion based on literature studies and expert knowledge was created in a 
matrix. Table 2 shows the results of the pairwise comparison value of each criterion weight. 


Table 2. Weight the criterion for multi-criteria site suitability 


Criteria Pairwise Comparison Weight 
I I Il IV V VI 
I 1.00 2.00 3.00 4.00 3.00 4.00 0.35 
II 0.50 1.00 2.00 3.00 3.00 4.00 0.24 
MI 0.33 0.50 1.00 2.00 2.00 4.00 0.16 
IV 0.25 0.33 0.50 1.00 2.00 3.00 0.11 
V 0.33 0.33 0.50 0.50 1.00 3.00 0.09 
VI 0.25 0.25 0.25 0.33 0.33 1.00 0.05 


Note: I=Un-electrified villages; II= Distance from main river; M=Land use; 
IV=Slope; V=Landslide vulnerability; VI=Elevation 


The normalized eigenvalues corresponding eigenvectors were calculated to obtain CR value. This 
CR value was used to check weight consistency due to weighted subjectivity in the AHP. The weighting 
value is valid if the CR value below 0.1 or 10% [38, 46]. The CR value of this work is approximately 0.04 or 
4%, so the weighting value is consistent 

Each criterion was classified into three classes called sub-criteria, such as low, medium, high. Each 
class has its value, which is showing its effect on site suitability analysis. With the same step, the pairwise 
comparison method was used to classify and weight the sub-criteria that contribute to site suitability analysis. 
A comparison of each class based on literature studies and expert knowledge was created in a matrix. Table 3 
shows the results of the value that associated weights to each sub-criteria. 
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Table 3. Weight the sub-criteria for multi-criteria site suitability 


Criteria Sub-criteria weight 

Low Medium High 
I 0.11 0.26 0.63 
I 0.09 0.24 0.67 
Il 0.13 0.28 0.58 
IV 0.11 0.26 0.63 
V 0.12 0.32 0.56 
VI 0.10 0.31 0.59 


Note: I=Un-electrified villages; II= Distance 
from main river; [I=Land use; IV=Slope; 
V=Landslide vulnerability; VI=Elevation 


The normalized eigenvalues that correspond to the eigenvectors were calculated to get the CR value 
for each sub-criteria. The results of the CR Value for each sub-criterion: (D 0.033, AD 0.006, (III) -0,325, 
(IV) 0.033, (V) -0.197, (VI) -0.110. Because of all CR value is below 10%, the assigned weighting is valid. 
Furthermore, the criteria and sub-criteria attributes weighted added to the raster layer for further GIS site 
suitability calculation. QGIS was used to calculate the raster layer and produce a site suitability map for 
MHPP development. 


3. RESULTS AND DISCUSSION 
3.1. Un-electrified villages 

Un-electrified villages are essential to represent electricity demand in the South OKU District. In 
this study, electricity demands are the most important factor in multi-criteria site suitability analysis, which 
differs from the prior study [29, 30, 32]. The site suitability for MHPP development in OKU Selatan is 
focused on electricity demands in a specific area. According to data from the Regional Development 
Planning Agency and Central Bureau of Statistics South OKU, the un-electrified villages in South OKU are 
shown in Figure 3 [6]. Based on these data, these criteria are divided into three classes, including low 
indicates that less than two un-electrified villages in Sub-district, medium indicate that two to four un- 
electrified villages in sub-district and high indicate that more than four un-electrified villages in sub-district. 
The classes' weight for un-electrified villages is shown in Table 3 and represented in the un-electrified 
villages map shown in Figure 3. 


3.2. Distance from main river 

A river is a natural flow of water bodies flowing from upstream in the mountains to downstream 
(estuaries). Streamflow from the river is the main criterion for hydropower [8, 12, 16, 33, 36, 47]. In South 
OKU, the upper part of the river valley is steep, while in the middle and downstream, the valley is relatively 
flat and wide. The water flow in the main river of South OKU has good flow, so it is assumed almost in the 
main river is potential for MHPP development. Almost the rivers in OKU Selatan are possible for 
hydropower because most of the landscape shows the topography of hills and mountains, which are flowed 
by many young permanent rivers, flow relatively fast-flowing water a reasonably large stream gradient. The 
permanent river has the potential for hydroelectric power, where the water discharge will be relatively 
maintained even though the dry season [7]. The distance from main river criteria divided into three classes, 
including low indicates more than 1500 M distance from the main river, medium suggests more than 1000 M 
from the main river, and high mean less than 500 M distance from the main river. These classes have 
weighted using AHP shown in Table 3 and represented in the distance from the main river map in Figure 4. 


3.3. Land use 

Land use is a land function by human-made, such as forest, plantations, settlement, agriculture, or 
other human-made. Land use patterns have hydrological implications in the catchment area. Besides, 
constructing a hydropower plant in each river or stream will directly impact land-use patterns [16, 27, 48]. 
Land use divided into three classes, such as low: waterbody, lakes, rice field, settlement, and open field; 
medium: plantation, dryland farming, agriculture, and savanna; high: primary forest, secondary forest, and 
shrubs. These classes have weighted using AHP, see Table 3, and represented in the weight land use map in 
Figure 5. 


3.4. Slope 


In the context of multi-criteria analysis for MHPP development, slope needs more attention [16, 27, 
29-34, 49]. The topography of South OKU is in the mountain range system, which stretches northwest of the 
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southeast, indicated by a very tight contour of height on the topographic map. Volcanic rocks generally form 
the morphology in the region. The slope in the mountain of South OKU ranges from 45° to 60°. The directed 
slopes are formed by volcanic rock; most of the slopes are quite steep. The slope map is made from 30 meters 
of SRTM data and is classified in to three classes, including low for 0 to 8%, medium for 8 to 25%, and high 
for more than 25%. Using AHP quantitative method showed weight for slope classes in Table 3 and 
represented in the weight slope map in Figure 6. 


3.5. Landslide vulnerability 

In the development of MHPP, disaster factors should be strict attention [16]. The reason is that the 
sustainability MHPP project is closely related to disasters. The landslide vulnerability map shows the level of 
vulnerability of landslides of a specific area. In areas that have a high vulnerability index, the priority for 
MHPP development will be lower. These criteria are divided into three classes, including low for low 
landslide index, medium for medium landslide index, high for high landslide index. The weight for landslide 
vulnerability classes shown in Table 3 and represented in the weight of the landslide map in Figure 7. 


3.6. Elevation 

The elevation is also taken into account in spatial analysis for the MHPP development. Areas in the 
highlands are more potential for MHPP development [16, 31, 34]. Elevation containing information on the 
height in meter, based on this map can be calculated and estimated the magnitude of the slope angle, the 
gradient of the river, river density, the difference in slope and runway of an area, all of which plays an 
important role in estimating surface water availability, the amount of speed streamflow in the river. In this 
work, the elevation map was created from 30 M SRTM data. This elevation has divided into three classes, 
including low for less than 250 M, medium for 250 to 500 M, high for more than 500 M. Using AHP 
quantitative method showed weight elevation classes in Table 3 and represented in the weight elevation map 
in Figure 8. 
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Figure 8. Weight of elevation map 


After all the weights are represented in the raster layer, the spatial analysis performed using QGIS. 
Each criterion and class (sub-criteria) calculated using a raster calculator based on (1). The result is a site 
suitability map that shows the preferred site for MHP development in the South OKU District as shown in 
Figure 9. This map is a preliminary study that shows the global overview where the MHPP development 


needs to be detailed. 


The map shows that the best site for the MHPP development in South OKU District is Kisam 
Tinggi, Muaradua Kisam, Sungai Are, Sindang Danau, Pulau Beringin, Warkuk Ranau Selatan Sub-district. 
The high index value of this Sub-district because of several characteristics: 
— The electricity need is high, because of many un-electrified villages in this sub-district. And in this study, 
electricity need is an important factor for site suitability MHPP development. 
— The high elevation causes upstream rivers are steep and narrow have strong flows and high slopes as the 


potential for MHPP development. 


— The area's topography is a hilly area associated with steep valleys, and fast river flows with high elevation 
values compared to other sub-districts play an important role in estimating the amount of surface water 


availability and flow velocity. 


— Land use is dominated by closed areas that have green vegetation. This land use is very good for water 
catchment areas to collect water so that the river flow in the area is maintained for a long period. 
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Figure 9. Site suitability map for MHPP development 


Prior research on GIS multi-criteria analysis site suitability for hydropower development pays more 
attention to water resources' potential factors to determine the preferred location for MHPP development [16, 
29-33]. Unlike a prior study, this study gives more attention to the electricity demand factor for MHHP 
development in South OKU. The arguments why the electricity need is the main factor in MHPP 


development in this study are: 
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— Geographically of South OKU in the Bukit Barisan system is hilly and mountainous areas are suitable for 
MHPP development. Almost all the sub-district areas have hills and mountains, waterfalls, large and steep 
rivers. These conditions have a consequence; almost sub-district areas have the same potential for MHPP 
development. 

— Almost the rivers in South OKU are possible for hydropower because most of the landscape shows the 
topography of hills and mountains, which are flowed by many young permanent rivers, flow relatively 
fast-flowing water a reasonably large stream gradient. 

— To get a balance between electricity supply and demand in South OKU. By considering the balance of 
electricity supply and needs, hydropower's potency in South OKU is expected to be optimally utilized. 


3.7. Field survey 

Furthermore, to verify the site suitability map, a field survey was done to see the suitability of the 
site suitability map with real conditions in the field. The field survey focused on several sub-districts with a 
high location suitability index and sub-districts with a low suitability index. The field survey has been done 
for water flow discharge measurements, head, catchment area, calculation of power capacity, and 
powerhouse and waterways estimation. During both the rainy and dry seasons, the field survey was done to 
obtain the minimum and maximum flow discharge. 

The results of the field survey, it was found several potential location points for MHPP development 
in South OKU. The potential of MHPP is spread across several sub-districts in South OKU. The potential 
location for MHPP development from the field study is Sungai Are, Sindang Danau, Pulau Beringin, Kisam 
Tinggi, Buay Pemaca, and Banding Agung Sub-district, as shown in Figure 10. And the data for hydropower 
potential capacity is shown in Table 4. Compared to the output of the GIS multi-criteria analysis map, see 
Figure 9. There is a correlation between the suggested areas from analysis and the potential for MHHP 
development according to field studies such as Kisam Tinggi, Sungai Are, and Sindang Danau Sub-district. 
Verification of site suitability map from GIS and field study confirms this study is convincing, indicated by a 
match between the preferred locations and the field survey. 





werper oezo Table 4. Hydropower capacity potential 
MHPP Potential in SOuth OKUS No Potential capacity 


A 1 1.4 Mw 
o s 2 147 Kw 
3 1.4 Mw 

4 1.05 Mw 
5 4.9 Mw 
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Figure 10. MHPP Survey in South OKU 


4. CONCLUSION 

GIS multi-criteria analysis for the MHHP development in South OKU gives more attention to the 
electricity demands factor as a novelty in the proposed method. In this method, six criteria are used: un- 
electrified villages, distance from the main river, land use, slope, landslide vulnerability index, and elevation. 
The GIS calculation results are site suitability map for MHPP development with preferred areas such as 
Kisam Tinggi, Muaradua Kisam, Sungai Are, Sindang Danau, Pulau Beringin, Warkuk Ranau Selatan Sub- 
district. The potential location for MHPP development from filed study are Sungai Are, Sindang Danau, 
Pulau Beringin, Kisam Tinggi, Buay Pemaca, and Banding Agung Sub-district. Compared to the output map, 
there is a correlation between the suggested areas for MHHP development and the best potential for MHHP 
development according to field studies: Kisam Tinggi, Sungai Are, and Sindang Danau Sub-district of site 
suitability map from GIS and field study confirms this study is convincing, indicated by a match between the 
preferred locations and the field survey. The results of this proposed method can be a guideline for more 
detailed MHPP research in South OKU District and help the field surveys be more focused, lower cost, and 
time-effective. The analysis method in this study is expected can be used in the areas of the same 
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characteristics as the South OKU District. For future research, the need to detail for potency variables to 
result in a more precise map. And a spatial database and a decision support system application are needed to 
easily manage the potential MHPP development data in South OKU District 
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